Whilst gains have been made in recent years in the pharmacological treatment of schizophrenia, a number of patients still have residual symptoms and disabilities, or simply do not show response to antipsychotic medications. For such 'treatment resistant' patients, there is little by way of randomised controlled data to support any particular type of further intervention, but combinations of agents (combined antipsychotics, augmentation with mood stabilisers, antidepressants, and other agents)can show benefit in certain patients in certain domains of symptomatology and psychosocial functioning. Certain psychological and psychosocial treatment strategies can also be of benefit in this regard. This article selectively reviews the literature treatment resistance in schizophrenia, and emphasises the importance of an holistic approach to individual patients.
Introduction
The concept of treatment resistance in schizophrenia has evolved considerably in recent years. The emphasis of earlier studies was on positive psychotic symptoms and their response to antipsychotic medication. Thus, a person who failed to have an adequate response (resolution of psychotic symptoms) to two different anti-psychotics was considered to be 'treatment resistant'. While this is still used in many current guidelines as a rationale for commencing clozapine, the overall concept of treatment resistance has broadened considerably. Consideration is now given to a number of domains other than positive symptoms, including negative symptoms, cognitive deficits, excitement or aggression, comorbidity such as depressive and anxiety symptoms, and functional level or disability. 1 This shift in emphasis reflects our changing understanding of the illness, the increased relevance of broader life domains since de-institutionalisation 2 , expansion of treatment beyond pharmacotherapy to include psychological and occupational interventions, and a greater appreciation of patients' subjective experience of the recovery process. This is in parallel with the emergence of the 'consumer movement'. Thus, concepts such as realistic hope, the desire to achieve autonomy/self-determination and quality of life are increasingly the currency of comprehensive treatment outcomes in schizophrenia. 3 Indeed, some authors suggest that "treatment resistance" should be replaced with a term such as "incomplete recovery" given the former's implication that the patient is resisting treatment rather than the illness being resistant and the fact that the latter better promotes an identification of barriers to recovery. 2 The field also needs to consider the issue of what is a reasonable expectation of 'outcome' and consideration of 'recovery vs cure' in areas such as symptoms, service utilisation, quality of life, work and relationships. Peuskens 4 suggests that a person's response to treatment cannot be viewed as a dichotomy of 'response or no-response' and should be considered as a continuum.
Clearly such changes in conceptualisation and the expansion of the concept of treatment resistance makes it the "rule rather than the exception". 5 This is consistent with outcome studies suggesting that only 20-30% of people with schizophrenia have complete remission of symptoms and 'good outcome'. 6 Moreover, it reflects the heavy burden of disease that is present worldwide, as well as more controversial propositions that even with optimal treatment only about 20% of the burden of disease associated with schizophrenia can be alleviated. 7 Whatever the figures may be, it is clear that treatment resistance has major health, economic and social consequences. Also, common sequelae such as homelessness, itinerancy and incarceration lead to further difficulties with inadequate treatment access and response. 1 There are several well recognised factors associated with poorer outcome in people with schizophrenia that may be relevant when considering treatment resistance. Some of these parameters (Table I) 1 are not readily amenable to change but others may be reversed or at least ameliorated (Table II) and highlight the importance of a comprehensive assessment and management plan.
We must appreciate that there is seldom a "quick fix" and that people with schizophrenia require interventions that are "sustained, comprehensive, co-ordinated, collaborative and consumer oriented". 3 In order to plan such interventions, there clearly needs to be a detailed assessment of issues needing to be addressed. Such an assessment should take the concept of treatment resistance well beyond positive psychotic symptoms and simply response to anti-psychotic medication. It leads to the consideration of a range of other interventions that have been shown to be of potential utility in addressing some of the broader disabilities associated with schizophrenia.
Medication and Treatment Resistance
The published literature regarding the efficacy and effectiveness of different medications for treatment resistant schizophrenia has several limitations. As discussed above, the definition of what constitutes a treatment resistant "case" is complex and variable. Whereas some studies concentrate on strict definitions of positive symptoms, others are less clear or may also include a broader range of treatment resistant domains. For example, criteria for inclusion in Kane's often cited study 8 comparing clozapine and chlorpromazine included: i. positive symptoms; ii. severity of illness on Brief Psychiatric Rating Scale (BPRS) and Clinical Global Impression Scale; and iii. social and occupational functioning. Other studies have included measures of negative symptoms and depression (eg. PANSS and MADRS respectively). 9 There is an additional problem in measurement of outcomes. For example, when examining the effects of clozapine and olanzapine on negative symptoms, there have been variable results. It has been suggested that this may reflect differences in baseline levels of extra-pyramidal sideeffects (EPSE) and that observed reductions in negative symptoms may reflect an improvement in EPSE rather than a direct amelioration of negative symptoms. 10 Thus one needs to clearly define primary negative symptoms (due to the primary illness, schizophrenia) and secondary negative symptoms (due to other factors such as medication sideeffects). Furthermore, studies have often not adequately addressed the possibility of other confounding factors contributing to apparent treatment resistance. For example, not all studies comprehensively assess factors such as treatment adherence, substance abuse or family expressed emotion, and those that do often use un-validated methods to monitor these during the course of treatment.
A majority of published medication trials in treatment resistant schizophrenia have examined differences between second generation anti-psychotics (SGAs) or 'atypicals' (including clozapine, olanzapine, risperidone, quetiapine, amisulpride and aripiprazole) and first generation antipsychotics (FGAs) or 'typicals'. In a review and meta-analysis, Chakos et al 10 found 12 controlled, randomized trials (of which 11 were double blinded) examining medication interventions for treatment resistant schizophrenia. Of these, seven compared the efficacy of clozapine to FGAs and three others compared other SGAs to FGAs. Only two studies compared atypical agents with each other, in both cases risperidone and clozapine. The meta-analysis revealed that there was minimal to moderate improvement on SGAs compared to FGAs but that subjects still experienced many residual symptoms and impairments. The authors concluded that there was "insufficient evidence to definitively evaluate SGAs other than clozapine in the 'treatment resistant population'".
Evidence for Specific Medications
Clozapine is the best studied antipsychotic medication for treatment resistant schizophrenia. Treatment guidelines recommend that clozapine should be offered to 'all patients who have not responded to an adequate trial of two or more other antipsychotic drugs, at least one of which should be a SGA… A reasonable trial period of at least 6-12 months should occur, after which time approximately one-third of patients should show at least moderate improvement.' 11 Studies that underpin such recommendations consist predominantly of comparisons of clozapine with FGAs and have mostly been of relatively short duration. For example, the two widely cited studies of Kane et al 8 (vs chlorpromazine) and Brier et al 9 (vs haloperidol) were of 6 weeks and 10 weeks respectively. Response rates of 30% vs 4% and 44% vs 6% respectively may thus be underestimates, with the possibility of enhanced efficacy should the patients have been followed up over longer periods. Indeed, many clinicians report ongoing improvement over months or years on clozapine. Of the studies included in the Chakos et al review, only two of the double-blinded trials went beyond 12 weeks. In the same review, results of five of the seven studies favoured clozapine (improvement in BPRS total score) but had a variable effect size (0.14 -0.8) which perhaps reflects the difficulties with studying this population group. Only four studies 10 specifically examined negative symptoms and according to the meta-analysis, there was no significant reduction in these symptoms with clozapine. The authors concluded that this result may have been due to insufficient statistical power. Comparison of other studies was complicated by difficulty differentiating between primary and secondary negative symptoms. 13 In a population of adolescents with few extra-pyramidal side-effects, for example, there was evidence that clozapine can reduce primary negative symptoms.
14 Other potential benefits of clozapine include a reduction in aggressive and suicidal behaviours. 15 The evidence for the efficacy of SGAs other than clozapine in the treatment resistant population is much more mixed. Again, definitions of 'treatment resistance' vary and most studies are short term. For example, while risperidone (6mg) was significantly better tolerated with fewer extra-pyramidal side-effects than haloperidol (15mg) the improvement in symptoms was not sustained beyond four weeks. 16 Results for olanzapine in treatment resistant patients are inconsistent, which may reflect differences in populations studied. For example, one study recruited long-term institutionalised patients 17 whereas another included outpatients and less severely impaired individuals. 9 Also, the outcome measures in these two studies differed and the high rate of haloperidol response in the latter study (36% compared to 45% on olanzapine) suggested that the patient group may not have been truly 'treatment resistant'. 1 There are even more limited data on the efficacy of the newer SGAs in treatment resistant schizophrenia. A study comparing quetiapine (600mg/day) and haloperidol (20mg/ day) in a population who had responded poorly or only partially to treatment with fluphenazine, showed a better response (20% reduction in PANSS total score) at 8 weeks in the quetiapine group (52% compared to 38%); these patients also experienced fewer side-effects (extra-pyramidal symptoms and need for anti-cholinergic medication). 18 Aripiprazole is another new SGA with novel mechanism of action -it is a partial agonist at dopamine D2 receptors. There is no clear data on its effect in treatment resistance although one study suggested possible benefit in improving symptoms and quality of life. 19 Determining any specific efficacy of SGAs other than clozapine on negative symptoms also needs to be examined; notably how much improvement is actually secondary to reduction in extra-pyramidal side-effects or improvement in mood, for example. Some studies of olanzapine, risperidone and amisulpride have "employed path analysis -a statistical technique that factors out the causes of secondary negative symptoms, including EPSE, depression and positive symptoms." 13 A review of several studies concluded that there was a suggestion that these SGAs have a beneficial effect on primary negative symptoms but that the evidence is not unequivocal. It highlighted that there are very few studies examining treatment response where negative symptoms predominate (also referred to as the deficit syndrome). 13 The other group of studies that need to be considered are comparisons of atypicals with other atypicals. There are surprisingly few such studies, and again most have been of short duration. Moreover, they tend to have high response rates which suggest that the definition of treatment resistance may be too lenient. For example, in one study, patients had not been prospectively treated with a FGA to screen out treatment responders, and included patients who experienced side effects or ceased medication for reasons other than failed response. 10 Bondolfi et al 20 compared clozapine and risperidone in 86 treatment resistant patients over 8 weeks and showed similar response rates; Wahlbeck et al conducted a 10-week openlabel trial of risperidone compared with clozapine and showed no significant difference in response (20% reduction in PANSS). 21 Methodological limitations in both these studies have been outline in a recent review by Kerwin and Bolonna 22 : respectively, that a rapid titration of clozapine may have led to intolerance and consequently suboptimal dose and that a very high drop-out of clozapine patients significantly reduced the power to detect a significant difference. Beuzen et al 23 compared olanzapine and clozapine in 180 patients over 18 weeks, also showing similar efficacy between the two agents in terms of positive psychotic symptoms. A further study suggested that in another domain of treatment resistance, cognitive deficits, risperidone and olanzapine may be more effective than clozapine. 24 However, this finding needs to be considered in light of the fact that different agents seem to have efficacy for different aspects of cognitive function. For example, clozapine may improve attention and verbal fluency but its benefit for working memory is less clear.
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Augmentation Strategies
The frequency of augmentation strategies used in treatment resistant schizophrenia in clinical practice does not reflect the scientific evidence that is available, as there are still few published randomised-controlled studies assessing such approaches. Although early studies suggested certain benefits for a variety of augmentation strategies, many of these have not been replicated. Goff et al 5 suggest that this may reflect early publication bias (only positive results being published), false positive results due to multiple outcome measures in small patient samples, and differences in patient samples in terms of severity and stage of illness, as well as in past medication exposure. Most of the studies have been open label and uncontrolled. It is likely that augmentation may benefit some patient sub-groups rather than the treatment resistant population as a whole. Again, this emphasises the importance of clearly defining symptom domains in outcome trials and in clinical practice.
Augmenting one antipsychotic with another
As with most augmentation strategies there is a 'very limited research database' on combination antipsychotics. 26 There is also the potential to increase the level of side-effects, with both agents contributing.
A recent review by Lerner et al 27 of combination antipsychotic strategies in schizophrenia found 29 case-
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reports and case series (172 patients) and only one doubleblinded randomised placebo-controlled trial of 28 patients. These studies used a range of combinations including clozapine with risperidone, amisulpride, olanzapine or quetiapine; olanzapine with amisulpride or quetiapine; and risperidone with olanzapine or quetiapine. The authors concluded that some combinations may be effective but clearly further trials are required.
There have been case-reports of benefit from adding amisulpride to clozapine 28 , but we are aware of only one published double-blinded randomized controlled study examining this strategy in treatment resistant patients. Sulpride (a related compound) augmentation resulted in a significantly higher response (50% -8 of 16 patients) than placebo (8% -1 of 12 patients) over 10 weeks. 29 Here, response was defined as a 20% reduction in BPRS and included positive and negative symptoms. Thus cognition, disability, aggression or other domains were not reported specifically.
Risperidone is a relatively tenacious D2 blocker which should theoretically complement the relatively low D2 receptor affinity of clozapine. Thus, combining the two agents may reduce positive psychotic symptoms or at least enable a lower dose of clozapine and hence a reduced side-effect burden. There have been several case reports and uncontrolled trials of this strategy which have had mixed results. A double-blind, placebo controlled study by Josiassen et al 30 compared clozapine/placebo to clozapine/risperidone (6mg) over a 12 week period in patients who had been partially responsive to clozapine. Both groups improved in terms of mean BPRS total and positive symptom subscale but that there was a significantly greater improvement in the clozapine/risperidone group. Interestingly there was also a significantly greater reduction in SANS score in the clozapine/ risperidone group. This was not replicated in another recent randomized, placebo-controlled, double-blind trial of augmentation of clozapine (>400mg for at least 12 weeks) with risperidone (3mg). With 'response' categorized as greater than 20% decline in total PANSS score, there was a 26% rate of response in the placebo arm compared with 18% response in the risperidone group. 31 
Mood Stabilisers
The addition of mood stabilizers such as lithium or sodium valproate to an antipsychotic is common in patients with a strong affective component to their illness or in those with a diagnosis of 'schizoaffective disorder'. 32 Of course these agents can also have their own side-effects -for example lithium can increase neurotoxicity, carbamazepine should not be prescribed with clozapine due to its potential for bone marrow suppression, and sodium valproate can further increase weight. While some studies suggest benefits from the addition of mood stabilisers to antipsychotics in patients with violent behaviour, and there are theoretical mechanisms such as these agents having an 'anti-kindling action' 33 , there is insufficient evidence to draw any definitive conclusions.
A Cochrane review of sodium valproate augmentation of antipsychotics in schizophrenia in 2004 concluded that, "there is some evidence for a more rapid improvement with valproate augmentation, but the effect vanished over time. 34 Given this limited evidence, further large, well-designed trials are necessary. These might focus on people with schizophrenia with violent episodes, on those with treatment resistant symptoms and schizoaffective disorders." 34 Lithium is traditionally cited as the best 'augmenter' but there have only been three positive small placebo controlled trials; 5 subsequent studies have not replicated these outcomes. 5 Furthermore, there are no well controlled studies combining lithium with atypical antipsychotics. In a review of carbamazepine augmentation in 2002, the authors concluded that 'at present, this augmentation strategy cannot be recommended for routine use'. 35 Lamotrigine, a glutamate antagonist, is an anti-convulsant which has efficacy in the treatment of depression in bipolar affective disorder. The theoretical basis of its use in treatment resistant schizophrenia is that excessive glutamate neurotransmission may contribute to positive symptoms. A recent double-blind, placebo-controlled trial over 14 weeks with a cross-over design, assessed the addition of lamotrigine to ongoing clozapine treatment in 34 treatment resistant patients. Lamotrigine was shown to be more effective than placebo in reducing positive symptoms and 'general psychopathological symptoms' measured by the PANSS, but had no significant benefit on negative symptoms. 36 
Other Augmenting Agents
Other augmentation strategies focus on specific 'target symptoms'. There have been several trials combining antidepressants and anti-psychotics and examining their impact on negative symptoms. These have included predominantly FGAs combined with SSRIs. They have shown some improvement in negative symptoms when fluvoxamine and fluoxetine have been used but there have been no consistent improvement with other SSRIs. 5 A study by Berk and coworkers compared mirtazapine with placebo in addition to haloperidol in patients with stable schizophrenia but prominent negative symptoms; they showed a significantly greater reduction (43%) in negative symptoms in the mirtazapine group with no significant effect on depressive symptoms. 37 Few studies have systematically examined the efficacy of antidepressant augmentation of SGAs. One study 38 combining fluoxetine and clozapine showed no benefit over clozapine alone. Furthermore, benefit in some cases may simply reflect increased antipsychotic levels via the antidepressant's inhibition of certain P450 isoenzymes. Certain combinations are particularly problematic in this regard; for example, fluvoxamine can cause a substantial increase in serum clozapine levels.
One more recent and novel augmentation strategy uses glutamatergic agents such as glycine and D-cycloserine. The rationale for such a strategy lies in the theory that one underlying mechanism in schizophrenia is a decrease in NMDA (glutamate receptor) activity. Glycine is a full NMDA receptor agonist and D-cycloserine is a partial agonist. Results with these agents as augmenting agents in patients with schizophrenia have thus far been mixed. Furthermore, pure NMDA agonists are potentially neurotoxic (due to Ca++influx); and co-agonists such as glycine require high doses to cross the blood-brain-barrier. 5 One recent multi-centre study by Carpenter et al 39 examined the efficacy of glycine and dcycloserine for the treatment of negative symptoms. It was a REVIEW S Afr Psychiatry Rev 2006;9:17-23
16-week randomized control trial of 171 patients receiving glycine, d-cycloserine or placebo in addition to their usual antipsychotic medication. There was a small improvement in both nonplacebo groups but there was no significant difference in the proportion of patients in each group who had a greater than 20% change in symptom score (the chosen outcome measure). The authors concluded that the results did not support the efficacy or effectiveness of glycine or dcycloserine in the treatment of negative symptoms. Other augmentation strategies are summarised in Table III . Thus, there is an emerging literature about a range of augmentation strategies which may be of benefit for a select set of symptom domains in certain patients. However, the benefit of most of these is still to be confirmed in well designed and sufficiently large trials. The potential additional side-effect burden associated with such strategies requires a careful risk-benefit analysis for each individual patient.
Psychosocial Strategies
Despite the promise of the newer antipsychotic medications and benefits that can accrue with targeted augmentation strategies (Table III) , it is well recognised that many residual symptoms and disabilities can persist, even with optimal pharmacological treatment. Furthermore, given the broader concept of treatment resistance articulated above, we need to consider the range of other (non-pharmacological) treatments that have emerged over the past twenty years as part of the growth in rehabilitation psychiatry (Table IV) .
Arguably, these therapeutic strategies have particular relevance for negative and cognitive symptoms which often affect people pre-morbidly (prior to overt psychotic symptoms) and continue to impact on outcome in many ways -for example social isolation, poor adherence to medication and poor engagement with treatment services. Indeed, a review of twenty-four psychosocial intervention studies for schizophrenia found a greater beneficial effect of such therapies on negative symptoms than on positive symptoms. 40 Studies of family therapy have consistently shown that it can lead to improved outcome in schizophrenia. The early impetus of these studies arose from the work of Brown and Rutter 41 which examined the role of expressed emotion (EE) as a contributor to relapse in schizophrenia. Reducing expressed emotion within a family or other environment reduced relapse rates. More recent work suggests that intensive work specifically addressing expressed emotion may not be critical. Instead, basic psycho-education, family support, teaching the recognition of early warning signs and addressing issues of medication adherence may be equally effective and have an enduring effect. 42 Again, most of the outcome measures in these studies have emphasised relapse and residual positive symptoms rather than other domains that may be equally relevant in treatment resistance.
Studies examining the role of social skills training tend to emphasise functional domains in addition to simply symptoms or relapse rates. Social skills training has been divided into basic personal skills, social problem-solving and cognitive remediation. 42 Results of studies examining these different approaches have been mixed. Many studies show that basic skills can be taught and sustained with regular 'refresher sessions' but there is less clear evidence supporting generalisation of these skills to overall social functioning or integration. 43 Other treatments such as cognitive behavioural therapy (CBT) have been shown to be effective at reducing residual positive symptoms. A review by Garety et al 44 reported four controlled trials that showed that CBT decreased residual positive symptoms with some evidence of sustained benefit. There were reductions in relapse rates and enhanced engagement with other components of management plans. The authors concluded that further research is required to better understand interactions between different psychosocial interventions and between psychosocial treatments and medication. Others have emphasised the importance of "maximizing the synergy between pharmacotherapy and psychosocial therapies". 'Compliance therapy' uses the principles of motivational interviewing and cognitive-behavioural approaches to psychosis in addition to addressing other relevant issues such as insight and stigma. In one of the first RCTs examining this issue, Kemp and colleagues compared treatment adherence, attitudes to treatment, insight and social functioning in a group of 74 patients with psychotic disorders who received either 'compliance therapy' or non specific counselling. 45 The treatment group showed improvement in all these domains compared to the control group and the benefits were sustained over a 18-month follow-up period. It should be noted that the target group in this study was people who had recovered from an acute psychotic episode, so further research is required to specifically examine the efficacy of this intervention in a treatment resistant population.
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Cognitive remediation therapy is one of several psychological approaches dealing with cognitive dysfunction in schizophrenia. Unlike some other, less effective methods which focus on directly teaching specific tasks, the emphasis of cognitive remediation is on 'providing strategies for dealing with problems in general'. 46 Intensive/ assertive case management has been reviewed by Meuser et al. 47 Most consistent effects were for reduced hospital admissions and time in hospital and more stable accommodation. There was some improvement in symptoms and quality of life and little or unclear benefit on social or vocational functioning. Such results emphasise the importance of integrating such case-management models with vocational services.
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Conclusions
It is now well recognised that clinicians dealing with people with schizophrenia must appreciate the heterogeneity of the disorder and see people as individuals with their own strengths and vulnerabilities, in their particular family and broader social contexts. Such recognition has arisen from a range of factors such as de-institutionalisation and community care and the rise of the psychiatric consumer movement. It is probable that the heterogeneous nature of the illness has not been fully appreciated in much of the research in treatment resistant schizophrenia. Thus, it is plausible that some 'subgroups' may actually respond to a particular intervention but this has not been evident in research which may have included a broad range of illness types. There is a need for more research identifying predictors of 'responders' and 'nonresponders' to a particular intervention.
In this context, there has been considerable growth in research in a wider range of interventions, in particular in the psychosocial domain. A greater recognition of the multifaceted nature of treatment resistant schizophrenia and 'outcome' has been a significant advance in this area. However, there are still many limitations to our understanding of some of even the most elementary issues. There are even further challenges in more complicated areas such as consideration of the interactions of specific medications and other domains of management.
Thus, more holistic approaches have been adopted. An example is collaborative therapy (CLT) which is "a comprehensive framework for consumers, clinicians, services and others that can work systematically towards the achievement of optimal mental health outcomes". 49 This approach is a multifaceted one, incorporating many of the treatments or treatment elements that have been shown to be effective in clinical trails (see above), but integrating them into a coherent longitudinal treatment framework. CLT has been adopted as a service delivery model in a number of sites in Australia, with encouraging outcomes. Further evaluation of such strategies is required.
